Summary. Using a monoclonal antibody against human erythropoietin, its immunoreactivity was localized in the endothelial cells of peritubular blood vessels in the anemic mouse kidney. Other cell components of the kidney including glomeruli and tubules were negative. The non-anemic, normal kidney failed to reveal erythropoietin immunoreactivity.
Erythropoietin
is one of the hemopoietic growth factors of the erythroid lineage. It has been proposed from quantitative analysis data that erythropoietin is produced and secreted mainly in the kidney (JACOB-SON et al., 1957; SHERWOOD and GOLDWASSER, 1978 , JELKMANN et al., 1983 , JELKMANN, 1986 , liver (FRIED, 1972; NAUGHTON et al., 1977) and in both organs under anemic conditions (BONDURANT and KOURY,1986) . In particular, the kidney has been thought to play a prominent role in regulating erythropoiesis responding to anemia or hypoxia (GORDEN et al., 1967) . Concerning the cellular localization of erythropoietin in the kidney, however, there have been controversal reports indicating glomerular cells in the sheep (FISHER et al., 1965 , FRENKEL et al., 1968 , dog (BUSUTTIL et al., 1972) and human (MORI et al., 1985) , and proximal tubules in the rat (CARO and ERSLEV, 1984) . To identify those cells responsible for erythropoietin production or storage in the kidney, we performed the immunohistochemical staining of the anemic murine kidney by use of a monoclonal antibody against human erythropoietin which was produced by one of the authors (GoTo et al., 1989) .
MATERIALS AND METHODS
Tissue fixation and specimen preparation Anemia was induced in 4-week-old ICR mice by three intraperitoneal injections of phenyl hydrazin hydrochloride (Wako Pure Chemical Indust., Osaka) every other day at concentrations of 60mg per kg. The hematocrit of the treated animal decreased to half of normal value. Kidney were removed from non-anemic and anemic mice 24h after the last injection. They were fixed in either periodate-lysine-paraformaldehyde or 10% neutral formaldehyde for 2h at 4C and sections were cut at 5.0ug in a cryostat (Sakura Coldtome Model CM-41, Sakura Seiki, Tokyo). Frozen cryostat sections fixed in acetone, methanol or Zamboni's solution were also used.
Immunocytochemistry
Monoclonal antibodies against human erythropoietin, R2 and R6, were produced as reported previously; both antibodies bound to recombinant human erythropoietin with high affinity (GOTO et al., 1989) . These antibodies, an IgGI subclass, were diluted to protein concentrations of 0.1, 1.0 and 10.0ug/ml in PBS (0.01 M, pH 7.4) containing 2% BSA (Sigma). The slides were immunostained with these antibody solutions overnight at 4C. The biotin streptavidin method was applied using a Biotin-Streptavidin kit for mouse immunoglobulins obtained from Bio-Genex Laboratories (Dublin, California, USA). Endogenous peroxidase activity was blocked by treatment with 0.3% H2O2 in methanol and also by treatment with solution 122 T. SUZUKI and R. SASAKI: Fig. 1 (GRAHAM and KARNOVSKY, 1966) . Cellular nuclei were stained with hematoxylin.
OBSERVATIONS AND COMMENTS
The periodate-lysine-paraformaldehyde fixative was sufficient, but acetone, methanol or Zamboni's fixative were inadequate for immunostaining of erythropoietin. R2 and R6, even at the concentration of 0.1 ug/ml, gave the same results. The cells containing erythropoietin-like immunoreactivity were found mainly in deep cortical region, adjacent to the medulla, in the anemic kidney. The positive cells, although not very numerous, were located between the tubules, closely attached to the tubular basement membrane, and surrounded lumina which occasionally contained red blood cells indicating them to be vascular endothelial cells. The shape of the nucleus of the positive cells was compatible with that of vascular endothelial cells (Fig. 1) . Immunoreactive cells were not seen in any glomeruli (Fig. 2) . The non-anemic kidney in the same sectioning and immunostaining exhibited no such reaction products (Fig. 3) .
The localization of the mRNA of erythropoietin has been ascertained in peritubular endothelial cells by KoURY et al. (1989) or, at least, in peritubular interstitial cells (LACOMBE et al., 1989; KOURY et al., 1989) . Interstitial fibroblastic cells have also been postulated as a candidate for the source of erythropoietin (KURTZ et al., 1989) . These data were obtained from in situ hybridization of erythropoietin mRNA by autoadiography. Cell determination in autoradiographs is rather difficult, especially in an organ or tissue composed of complicated cellular elements such as the kidney. Macrophages or monocytes could be only rarely encountered in the anemic kidney and when so, seemed to be negatively immunostained, although macrophages have been described to produce erythropoietin, at least in vitro (RICH et al., 1982; KURTZ et al., 1983) . Erythropoietin mRNA has been localized by MAX-WELL et al. (1988) in cortical tubular epithelia using in situ hybridization, but they were immunonegative in all the kidneys examined in the present study. The present immunocytochemical study supports the idea that erythropoietin is localized in a subset of pentubular endothelial cells of the anemic kidney. The cellular localization should be determined more precisely by a combination of immunochemistry and hybridization technique.
